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THE DEVELOPXEBT OF k XEW LATEBAL-CONTROL WBNGEMENJII 

By Paul  S. B a k e r  

Development  work on an a r r a n g e m e n t  u s i n g  a i l e r o n s  and  
s p o i l e r s  f o r  l a t e r a l  c o n t r o l  was c a r r i e d  o u t  by t h e  VoiJght- 
S i k o r s k y  A i r c r a f t  D i v i s i o n  o f  t h e  U n i t e d  A i r c r a f t  C o r r J o r a -  
t i o n  on a s ~ a l l  commerc ia l  a i r p l a n e  i n  f l i g h t  2nd on an 
a i r f o i l  i n  B wiRd t u n n e l .  S p o i l e r  h i n g e  moments were  r e -  
d u c e d  5 y  ae rodynamic  3 a l a n c e .  The z r r a n g e n e n t  W P S  t h e n  
b u i l t  i n t o  2n e x p e r i m e n t a l  a i r p l a n e  and  f u r t h e r  improve-  
men t s  were  EdoTte6 a s  t h e  r e s u l t  o f  f l i g h t  and t u n n e l  
t e s t s .  . .  

rnL - iise o f  a i i e r c n s  f o r  i?. . t ;erai  c o n t r o i  w i t h  fiaps 
u p ,  s p o i l e r s  w l t h  f l a p s  f u l l  down, and  g r a d u a l  t r a n s i t i o n  
2s t h e  f 1 2 p s  a r e  lowered was foi icd t o  p r o v i d e  l a t e r 2 1  'con- 
t r o l  u n d e r  t h e  f l i g h t  c o n d i t i o n s  f o r  w h i c 5  t h e y  w e r e  b e s t  
s u i t e d .  The a i l e r o n s  were  o f  s h o r t  s p a n ,  p e r m i t t i n g  t h e  
u s e  o f  l o n g - s p a n  f l i r p s ,  and  were  C r o o p e d  t o  a r e l a t i v e l y  
l a r g e  a n g l e  when t h e  flaps w e r s  d e f l e c t e d .  A h i g n  maximum 
l i f t  c o e f f i c i e n t  was t h u s  a t t a i c e c ? .  V i t h  l a r g e  c o n t r o l  
d e f l e c t i o n s  i n  t h e  i n t e r m e d i a t e  f l a n - a n g l e  r a n g e  a n d  
s p o i l e r  e f f e c t i v e n e s s  n e a r  n e u t r a l  improved  by " v e n t i l a t -  
i n g "  t h e  s p o i l e r ,  t h e  l a t e r a l  c o n t r o l  was s a t i s f e c t o r y  f o r  
t h e  e x p e r i m e n t e l  a i r p l a n e  and  was a d e f i n i t e  improvement  
o v e r  t h a t  o f  a c o n v e n t i o n a l  c o n t r o l  a r r a n g e m e n t .  

INTRODUCTION 

The improvement  o f  l a t e r 8 1  c o n t r o l  o f  a i r p l a n e s  a t  
l o w  s p e e d  h a s  engaged  t h e  a t t e n t i o n  o f  e n g i n e e r s  and r e -  
s e z r c h  w o r k e r s  f o r  some ime.  A r a t h e r  d i f f i c u l t  p rob lem 

a n  o b s e r v z t i o r  a i r p l a n e  d e s i g n e d  by t h e  Chanse Vought 
A i r c r a f t  D i v i s i o n  o f  J n i t e C  A i r c r a f t  C o r 2 o r a t i o n .  The 
over-all d i m e n s i o c s  were s t r i c t l y  l i s i t e d ;  a l o w  s t a l l i n g  
sDeed was r e q u i r e d ;  and e x c e l l e n t  l a t e r a l  c o n t r o l  was de-  
s i r e d .  I n  orc?er  t o  u s e  a mon3plane  a r r a n g e m e n t  w i t h  r e a -  
s o n a b l e  a s p e c t  r r t i o ,  B r n e x i z - ~ x  l i f t  c o e f f i c i e n t  o f  a b o u t  
2 . 3 ,  power o f f ,  h z d  t o  b e  r e a l i z e d  t o  o b t a i n  t h e  r e q u i r e d  
s t a l l i n g  sDeeC of  a b o u t  50 i i l i i es  p e r  >our .  I n  o r d e r  t o  

i n  l a t e r a l  c o n t r o l  was k p r e s e n t e d  3 y  t h e  r e q u i r e m e n t s  of 



2 

o b t a i n  t h i s  h i g h  l i f t ,  t h e  f l z p s  would need  t o  b e  o f  l o n g  
s p a n ,  which would n e c e s s i t . a t e  s h o r t - s p a n  a i l e r o z s .  The 
t e s t s  d e s c r i - a e d  i n  r e f s r e n c e  1 i n d i c a t e d  t h a c  8 m o r o z l a c e  
a r r a n g e n e n t  w i t h  2 d e f l e c t o r - p l a t e  f l a p  wes i ~ a s i b l e .  A 
monoplane a r r a n g e m e n t  had a n  o j v i o u s  acrvantege i z  2e r fo rz i -  
a n c e  o v e r  t h e  e l t e r n a t i v e  s o l u t i o n ,  a m o r e  l i g h t 1 7  lo r ,ded  
b i p l a n e  a r r a n g e m e n t .  

The p rob lem i n  q u e s t i o n  w a s  t o  o b t a i n  s a , t i s f a c t o r y  
l a t e r a l  c o n t r o l  i n  f l i g h t  up  t o  t h e  s t a l l ,  t h s t  i s ,  u p  t o  
t h e  rr;a.xinum l i f t  of  t h e  a i r p l a n e  i n  f l i g h t .  The o b j e c t  
o f  t h e  deve lopmen t  was t o  i n s u r e  t h a t  zdeq1Jate c o n t r o l  
morcents were a v a i l a b l e  u p  t o  t h e  s t a l l .  It wzs a p p r e -  
c i a t e d  t h a t  a n  a d 2 i t . i o n a l  n e c e s s a - r y  c o n d i t i o r ,  f o r  s a t i s -  
f a c t z r y  l a t e r a l  c o r , t r o l  i s  th5. t  d t a p i n g ' i n  r o l l  e x i s t .  A 
s t r a i g h t  l e a d i n g  e d g e ,  l o w  a s , s ec t  r ~ t i o ,  2nd low t a p e r  
r a t i o  o f  t h e  wing  ~ e r ~  c o c s i c i e r e d  t o  b e  s u f f i c i e n t ,  i t e m s  
. t o  i n c l u d e  t o  a v o i d  p r e m a t u r e  i o s p  i n  dsmping  in ~ ~ 1 1  
t h r a u g h  a n  e a r l y  s t a l l i n g  o f  t h e  t i i 2  s e c t i o n s .  

A t  t h e  t i r ; e  t 5 e  w o r k  W B S  s t a r t e d ,  v e r y  l i t t l e  i n f o r -  
m a t i o n  was a v a i l a b l e  0x1 t h e  a e r o d y z a m i c  r e q u i r e m e n t s  o f  
l a t e r a l - c o n t r o l  d e v i c e s .  A i l e r o n  r n d  l a t e r a l - c o n t r o l  de -  
s i g n  were  on r a t h e r  an e m r ; i r i c e l  b a s i s .  Tke w o r k  o f  Weick 
and  J o n e s  ( r e f e r e z c e . 2 )  2 u b l i a h e d  z b o u t  t h i s  t i m e  made 
c l e a r ,  however ,  how t h e  n o t i o n  of an a i r p l a n e  c o ~ l d  b e  
c a l c u l a t e d  i f  i t s  d e r i v e t i v e s  were  h o w n .  

F l i g h t  e y p e r i e n c e  on a c o n v e n t i o n a l  b i g l a n p  equiDped 
w i t h  h i g h - l i f t  f l s ~ s  g i v i n g  B f a i r l y  high mzlximum l i f t  
c o e f f i c i e n t  showed t h e  i m y o r t s n c e  of  p r o v i d i n g  a h i g h  
r o l l i n g  moroent an6  k e e 2 i n g  t h e  e d v e r s e  jr=.vir?g moment l o w .  
I t  w a s  a p p a r e n t  t h z t  a n  a r r a n g e m e n t  woulc? have t o  'oe G r o -  
v i d e d  on t n e  y r o j e c t e d  2 i r y ; l e n e  t o  p r o d u c e  a much l a r g e r  
r o l l i n g - m o m e n t  c o e f f i c i e n t  a t  high a n g l e s  o f  a t t a c k  t h a n  
would 'be a v a i l a b l e  w i t h  c o n v e n t i o n a l  a i l e r o n s  and  t h a t  t h e  
r a t i o  of  t h e  a d v e r s e  yawing  moment t o  t h e  r o l l i n g  moment 
s h o u l d  b e  % e ? t  a t  a v e r y  l o w  v z l u e .  

d i n d - t u n n e l  t e s t s  ; r ~ - ~ i d e c ?  d ~ t a  f o r  a p r e l i m i n a r y  a r -  
r angemen t  o f  c o n t r o l s .  T i e  3 r r a n g e m e n t  w a s  t e s t e d  and  
g r a d u a l l y  inDroveO o n  a t e s t  e i r p l ~ n e .  F i c a l l y ,  a n  e x p e r i -  
m e n t a l  e i r 2 1 a n e  i n c o r 2 D r a t i x g  t h e  l a t e r a l - c o n t r o l  d e v i c e  
w a s  c o n s t r a c t e d  a n d  t e s t  f l o w n .  

rn  he t e s t s - w e r e  c s r r i e c ?  o u t  b y  t h e  Chacce Vought A i r -  

c r a f t  D i v i s i o n  ( l r t e r  t h e  Vough t -S jkor sky  A i r c r a f t  D i 7 i -  
s i o n )  o f  U n i t e d  A i r c r a f t  C o r p o r a t i o n  d u r i n g  1927-39. 
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Acknowledgments ? r e  npde  t o  P r o f e s s o r s  John  73. Ma.rkham, 
S h a t s w e l l  O b e r ,  and  O t t o  C .  Xo?-;en o f  W a s ~ a c h u s e t t s  I n s t i t u t e  
of Techno logy  f o r  h e l p f u l  s n g g e s t i o c s  d u r i n g  e a r l y  wind-  
t u n n e l  t e s t s  and  t o  X i c h a e l  G l z h e r e f f  and  2 o g e r  W .  G r i s w o l d ,  
I1 ,wno  d i d  t h e  e a r l y  w o r k  o n  v a r i o i l s  s p o i l e r s  i n  c o n j u n c t i o n  
w i t h  d e f l e c t o r - p l a t e  f l P p s  i n  t h e  S i k o r s k y  wind t u n n e l .  E r .  
G r i s w o l d  a l s o  a s s i s t e d  d u r i n g  t h e  t e s t s  o f  t h e  t e s t  3 -24  
a . i r / l z n e  arid W .  P. M i l l i k e n ,  Jr . ,  a c t e d  BS o b s e r v e r  on t h e  
t e s t  a i r l j l a n e  i n v e s t i g a t i o n  and  c a r r i e d  o u t  mang o f  % h e  d e -  
t a i l e d  c a l c u l a t i o n s  i n  t h e  a , n e l y s i s  of t h e  d a t a  and  t h e  ep- 
p l i c a t i o n  o f  t h e  r e s a l t s  t o  t h e  e x p e r i n e n t e l  a i r p l a n e .  
Acknowledgment i s  made t o  t h e  work o f  t h e  XACA F u b l i s h e d  i r  
r e f e r e n c e s  2 t o  7 ,  which  fo rmed  a s t a r t i n g  p o i n t  f o r  t h e  
deve1o;ment knd gpve  a. r a t i o n s 1  method of c o r r e l a t i n g  wind- 
t u n n e l  end f l i g h t - t e s t  r e s u l t s  and ag:Jlyir_g tken: t o  t n e  
d e s i g n  o f  t h e  e x p e r i m e n t a l  a i r p l a n e .  The e n t i r e  d e v e l o p -  
ment was a p r o j e c t  o f  t h e  Vough t -S ikor sky  A i r c r a f t  3 i v i s i o n  

Ci:ief Z n g i n e e r .  
of L'ii i ted i i i i c i . z , f t  C o r ? ~ r = t i ~ a  - :=?or M r -  R .  3 .  S e i s p l ?  

V I NC - T iJ?Zr;% L T 3 S T S 

T w o  g e n e r a l  s e r i e s  o f  a r r z z g e m e n t s  w e r e  t e s t e d  i n  
t h e  X . I . T .  wind tlLnne1: C o m b i n ~ t i o n s  o f  c o n v e o t i o n a l  a i -  
l e r o n s  o f  0 . 2 0 ~  w i t h  vrr ioi ;s  rePrwerd1:r l o c s t e d  u??e r  and 
l o w e r  s u r f a c e  p l r i n  s - o i l e r s  were  t e s t s d , . i n c l u d i n g  t h e  
e f f e c t - o f  d r o o p i n g  t h e  e i l e r o n s  on t 5 e l r  e f f e c t i v e n e s s ;  
t e s t s  w e r e  made c ~ f  s p e c i 2 l  s ~ o i l e r  a r r m ~ g e n e n t s  d e v e l o p e d  
a t  S i k o r s k y  A i r c r a f t  i n  c o n j u n c t i o n  w i t h  t h e  d e f l e c t o r -  
p l a t e  f l a p  d e s c r i b e d  i n  r e f e r e n c e  1. The r e s u l t s  of  t h e  
t e s t s  were  s t u d i e d  i n  c o n n e c t i o n  w i t h  t h e  t e s t s  r e p o r t e d  
by t h e  XACA i n  r e f e r e n c e s  3 t o  6 .  I t  wzs c o n c l u d e d  t h p t  
s u f f i c i e n t l y  l a r g e  r o l i i n g  moments w i t h  l o w  a d v e r s e  yaw- 
i n g  moments c o u l d  be  o b t a i n e d  and  t h a t  f l i g h t  t e s t s  would  
b e  n e c e s s a r y  f o r  f l ; r t k e r  deve lopmen t  o f  t h e  p r o j e c t e d  a r -  
r angemen t .  

The p r e l i m i n a r y  d e s i g n  o f  2 l a t e r e l - c o n t r o l  z r r a n g e -  
ment t o  b e  a d a p t e i  t o  a small commerc ia l  a i r p l a n e  was 
a r r i v e 6  e t  f r o m  t h e  t e s t  r e s u l t s  and t h e  method o f  a n a l y s i s  
o u t l i n e d  i n  r e f e r e n c e  2. 
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i s  s t a t e d  i n  t h e  i n t r o & x c t i o n ,  t h e  l a t e r a l - c o n t r o l  
~ r r e n g e s e n t  W F S  f i r s t  t e s < e ?  o n  ? F a i r c h i l d  Z i r p l F n e ,  t h e  
F-24G, wbic3  w i l l  b e  te rn ;ed  t h e  " t e s t "  P i r p l a n e .  The f i n a l  
& e s i g n  and t h e  slrhJaecuent E o d i f i c e t i o n s  were  i n c o r p o r a t e d  
i n  an " e x 3 e r i n e n t ; l "  3 i r -21nne ,  t h e  X O S 2 U - 1 .  An a t t e m p t  
W F S  mzde t o  h a v e  t h e  a r r s n g e z e n t  on t h e  t e s t  a i r p l a n e  e s  
c l o s e  3 s  ? o s s i ' b l e  t o  t h a t  f o r e s e e n  f o r  t h e  e x c e r i m e n t a l  
a i r p l a n e .  The f o l l o w i n g  f a c t o r s  were  k e p t  i n  mind ,  i n  ad-  
d i t i o n  t o  t h o s e  r e l a t e d  t o  t h e  ?reduction o f  c o n t r o l  z a -  
z e n t  s : 

1. The d r a g  i n c r e m e n t  edded  t o  t h e  wing w i t h  
flags u p  

2 .  The r i g i d i t y  and s i m p l i c i t y  o f  c 3 n s t r u c t i o n  

3 .  The a d a p t a b i l i t y  f o r  m o d i f i c s t i o n  d u r i n g  t e s t  

O r i g i n P 1  a r r a n g e m e n t . -  T e s t s  t o t a l i n g  a b o u t  7 f l i g h t .  
ho l i r s  were  Ioaiie t o  de-:elop a t e s t i n g  t e c h n i q u e  pnd t o  o b -  
t a i n  c h g r a c t e r i s t i c s  o f  t 3 e  u n m 3 d i f i e d  a i r - , l a n e  ( t h a t  i s ,  
a s  r e c e i v e d  f r a m  t h e  m r n u f a c t u ? e r j  C o r  ~ s e  a s  2 b z s i s  i n  
e v r l u r t i n g  r e s u l t s .  The a i l e r a n - c o l t r o l  C i i P r a c t P r i s t i c s  
o f  i n t e r e s t  were  r o l l i r , n  e f f e c t i v e n e s s ,  s t i c k  f o r c e ,  2nd 
a d v e r s e  YPW. Tne t e s t ,  xetk.055 u s e d  were  r a t h e r  c r u d e  b u t  
more a c c v r a t e  L a t a  co:rld h r v e  Seen  o b t z i n e d  o n l y  b p  t h e  
u s e  o f  ex ; e n s i v e  and s o m c l i c a t e d  i n s t r u m e n t s .  

The r o l l i n g  p o v e r  W R S  d e t e r n i n e d  b y  m e e a u r i n g  t h e  
t i n e  r e E l i i r e d  f o r  t h e  a i r s l e n e  t o  bank  t o  a c e r t a i n  a n g l e  
a t  v a r i o u s  s t i c k  d e f l e c t i o n s  8t a. g i v e n  s i r  s p e e d  ( s e e  
f i g .  8 1 ,  k e e p i z g  t n e  r u d d e r  f i x e d  e t  n e u t r a l .  

9. simple s p r i n g  i r , d i c . e t o r  i n s t a l l e d  o n  t h e  t o ?  o f  
t h e  s t i c k  showed t h e  a s o u n t  o f  s t i c k  f o r c e .  The s t i c k -  
f o r c e  i n d i c a t o r  i s  shown i n  f i g u r e  9.  The p i l o t  tr irnmed 
t h e  a i r p l s n e  a t  t h e  s e l e c t e d  s-peed, z p p l i e d  t h e  s t i c k  
a g a i n s t  a p r e v i o u s l y  s e t  s t o ~  a n d ,  w h i l e  t h e  a i r p l a n e  was ' 
r o l l i n g ,  n o t e d  t h e  f o r c e  r e a u i r e d  t o  j u s t  h o l d  t h e  s t i c k  
a g a i n s t  t h e  s t o p .  The r e s u l t s  a r e  ~ l o t t e d ' i n  f i g u r e  lo. 
The. s t i c k - p o s i t i o n  i n d i c a t o r  shown i n  f i g u r e  9 c o u l d  h a v e  
b e e n  u s e d  i n s t e a d  o f  t h e  s t o p s  w i t h  s a n e  s a c r i f i c e  i n  
a c c u r a c y .  
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The m a g n i t u d e  o f  t h e  e d v e r s e  yawing  Icoment was r o u g h l y  
l u a t e d  by n o t i n g  t i l e  smoun t  t h a t  t h e  b a n k - i n d i c a t o r  b a l l  
a r t e d  f r o m  c e n t e r  and t h e  amount t h a t  t h e  n o s e  o f  t h e  
 lane moved i n  an  o p p o s i t e  s e n s e  t o  t h e  r o l l .  Ano the r  
h o d ,  but or?e t h a t  was & i s c o n t i n u e d  b e c r u s e  o f  t h e  t i m e  

i n v o l v e d ,  was t o  d e t e r m i n e  by t r i a l  and  e r r o r  t h e  amount 
of r u d d e r  n e c e s s a r y  t o  c o u n t e r a c t  t h e  a d q e r s e  yawing  aoment .  
( S e e  f i g .  1 1 . )  

. .  
' The c r i t i c a l  c o n d i t i o n s  f o r  l a t e r a l  c o n t r o l ,  e s p e c -  

i a l l y  f o r  r o l l i n g  e f f e c t i v e n e s s  and a d v e r s e  yaw, o c c u r  a t  
l o w  s p e e d s .  The s t i c k  f o r c e s ,  of  c o u r s e ,  a r e  c r i t i c 2 1  st 
h i g h  s p e e d s .  The t ime- to -bank  and  t h e  adverse-yzw t e s t s  
were  t n e r e f o r e  r u n  a t  an a i r  s p e e d  s l i g h t l y  abave  t.he 
s t a l l i n g  s p e e d .  T h i s  s p e e d  was h i g h  enough t i 2 t  s t a l l i n g  
or f l o y p s e 2 a r a t i o n  e f f e c t s  d i d  n o t  e n t e r  i n t o  t h e  r e s u l t s  
b u t  l o w  enough t h a t  i t  c o u l d  b e  r e g a r d e d  a s  a low g l i d i n g  
s p e e d .  imough T u I i s  w e i e  n a d e  a t  9 higher c z e e d  t.n i n d i -  
c a t e  t h e  t r e n d  of t h e  v a r i a b l e s  w i t h  sy;eed. 

1 

v 

--- M o d i f i e d  a r r a n g e m e n t ; -  The e r r s n g e n e n t  s e l e c t e d  f o r  
t h e  i n i t i a l  s e t - u p  c o n s i s t e d  o f  f l a p s  and  a i - l e r o n s  b o t h  o f  
t h e  d e f l e c t o r - p l z t e  t y ? e  a n d  b o t h  a r r a n g e d  t o  b e  d e f l e c t e d  

. ( d r o o p e d )  50° by s e D a r a t e  c r a n k s .  A s p o i l e r  W P S  i n s t a l l e d  
j u s t  f orwRrd o f  t h e  a i l e r o n s .  An a d d i  t i o c a l  s t o r t - s p z n  
s p o i l e r ,  which  c o u l C  b e  j o i n e d  t o  t h e  main s p o i l e r ,  w 3 s  
p r o v i d e d  ahead  o f  t h e  o u t 5 o e r d  end o f  t h e  f l a F s .  
f i g .  l ( R j . 1  

( S e e  

b method W R S  d e v i s e d  by Iir. 3. 3 .  S e i s e l  f o r  o p e r a t -  
i n g  t h e  s 2 o i l e r ,  u p  o n l y ,  one s i d e  a t  2 t i m e .  3 y  m e m s  O f  

a Watt ' s  i i n k a g e  ( f i g s .  2 2nd 3 )  a movement of t h e  s t i c k  
t o  t h e  r i g h t  f r a m  n e l i t r a l  would c i e f i e c t  t k e  r l g k t  s ; p o i l e r  
upward w'ni le  t h e  l e f t  s ~ ~ o i 1 . e r  r ema ined  s t a t i o n a r y ,  and 
o p l ~ o s i t e l y  f o r  t h e  l e f t  movenent .  The c o n t r o l  f o r  t h e  
d e f l e c t o r - p . l a t e  a i l e r o n s  was s e t  UT w i t h  a c o n v e n t i ~ n a l  
d i f f e r e n t i a l ;  t h e  d r o o p i n g  was s o  a c c o m p l i s h e d  by a w o r m -  
a n d - s e c t o r  a r r a n g e m e n t  t h z t  t h e  r e l a t i o n  be tween  s t i c k  
and  a i l e r o n  a n g l e s  n e e s u r e d  f r o a  th?e s t i c k - n e u t r a l  7 O S i -  
t i o n  was unchanged  by d r o o p i n g  t h e  a i l e r o n s .  

'The a p p e a r a n c e  d f  t h e  a . i r 2 l a n e  a s  u s e d  i n  t h e  f l i g h t  
t e s t s  a f t e r  i n i t i a l  m o d i f i c a t i o n  i s  shown i n  f i g u r e s  4 ,  
5 ,  and  6 .  D i m e n s i o n a l  d a t a  e r e  2 s  f o l l o w s :  

. .  
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Wing a r - e a ,  s q u e r e  f e e t  . . . . . . . . . . . .  1 9 3 . 6  
Xing-sGen, f e e t  . . . . . . . . . . . . . .  36.33  

5.50 wicg c-hord,  f e e t  . . . . . . . . . . . . . .  
6 .83  Ni sg  a s 2 e c t  r a t i o  . . . . . . . . .  

F l a p  z r e a  ( t o t a l ,  b a c k  o f  h i n g e ) ,  s q u a r e  f e e t  1 6 . 4 2  
F l a p  s2an  ( t o t a l ) ,  f e e t  . . . . . . . . . .  14 .06  
F l a p  c h o r d ,  f e e t  . . . . . . . . . . . . .  1 . 1 7  
24aximum f l a p  d e f l e c t i o n ,  d e g r e e s  . . . . . .  50 
. A i l e r o n  a r e a  ( t o t a l ) ,  s q u a r e  f e e t  . . . . . .  17 .70  
A i l e r o n  s-jan ( t o t a l  j ,  f e e t  . . . . . . . . .  1 5 . 1 8  
A i l e r o E  c h a r d ,  f e e t  . . . . . . . . . . . . .  1 . 1 7  
Naximum a i l e r o n  d r o o p ,  d e g r e e s  . . . . . . .  50 

.. 

. . .  ,-  

S - , o i l e r  a r e a  ( t o t a l ) ,  s q u a r e  f e e t  . . . . .  1 2 . 4 3  

S p o i l e r  c h o r d ,  f e e t  . . . . . . . . . . . .  . 60  
S p o i l e r  s p a n  ( t o t a l ) ,  f e e t  . . . . . . . . .  20.66 

S p o i l e r  h i n g e  l o c a t i o n ,  p e r c e n t  wing c h o r d  . 6 8 . 1  

- T n  *a f i g , ~ r e  ? , n r e  ~ h p ~ c n  s p c i l e r  s t i c k , ,  w h i c 3  ~ 6 ~ 2 8  
a l s o  h i n g e d  f o r e  and  a f t  2nd c o u l d  b e  sec-Lred i n  t h e  
s p o i l e r - n e u t r a l  p o s i t i o n ;  t h e  f l a p  and  t h e  a i l e r o n  d r o o p  
o p e r a t i n g  c r a n k s ;  end t h e  d e t r c h a b l e  l i n k  p r o v i d e d  f o r  . 
t e s t s  w i t h  combined s p o i l e r s  s n d  a i l e r o n s ,  

i 
3 

A f t e r  t h e  p r e l i m i n a r y  t e F t s  w i t h  t h e  i n i t i a l  s e t - u p ,  
t h e  t e s t  a i r 3 l a n e  was s u c c e s s i v e l y  m o d i f i e d  by  27 c h a n g e s  
t o  t h e  s p o i l e r s  and a i l e r o n s ,  t e s t s  be i r -g  made t o  d e t e r m i n e  
t h e  improvement .  F l i g h t  t e s t s  w i t h  t h e  m o d i f i e d  a i r p l a n e ,  
b o t h  o f  l a t e r a l - c o n t r o l  an2 f l a p  c h a r a c t e r i s t i c s ,  o c c u p i e d  
11 Week6 and i n v o l v e d  48 f l i g h t s .  

The s a n e  g e n e r a l  methoCs were  u s e d  i n  t h e  t e s t s  O f  
t h e  m o d i f i e d  a i r p l a n e  as  were  u s e d  i n  t h e  t e s t s  o f  t h e  
o r i g i n g l  a i r p l a n e  e x c e p t  t h a t  o n l y  p i l o t ' s  o b s e r v a t i o n s  
on a d v e r s e  yaw were  made a n d ,  i n  g e n e a a l ,  t h e  n u a b e r  o f  
p o i n t s - f o r  s t i c k - f o r c e  and  r o l l i n g - e f f e c t i v e n e s s  m e a s u r e -  
men t s  were  k e p t  a t  a minimum. No a d j u s t a b l e  s t o p s  were 
p r o v i d e d  f o r  t h e  s p o i l e r  c o n t r o l  b u t  t h e  s p o i l e r  d e f l e c -  
t i o n s  were  r e a d  f r o m  a n  i n d i c a t o r  l o c a t e d  j u s t  above  t h e  
w i n d s h i e l d .  . 

The e f f e c t s  of  f l a p s ,  s ~ o i l e r s ,  e i l e r o n s ,  a n d  a i l e r o n  
d r o o p  were  a l l  q u a l i t z t i v e l y  e x p l o r e d  u n d e r  d i f f e r e n t  con-  
d i t i o n s .  I n  t h e  m o d i f i e d  a r r a n g e m e n t ,  d e f l e c t o r - p l a t e  
f l a p s  were  u s e d  a s  b o t h  f l a p s  and  a i l e r o n s .  The t e n d e n c y  
of  t h e  s p o i l e r s  t o  r i d e  u g  t o  a h i g h  f l o z t i n g  m g l e  above  
t h e  c e u t r a l  s e t t i n g  was e l i m i n a t e d  by t h e  i n s t a l l a t i o n  O f  
a s h i e l d  be low t h e  s p o i l e r ,  a s  shown i n  f i g u r e  l ( b ) .  I n  
an a t t e m p t  t o  r e d u c e  t h e  s p o i l e r  h i n g e  moment, aerodyna.mic 
b z l a n c e  was t r i e d  2 s  shown i n  f i g u r e  l ( c ) ,  
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I n  g e n e r a l ,  t h e  s p o i l e r s  were  e f f e c t i v e  i n  p r o d u c i n g  
r o l l  w i t h  l i t t l e  or no a d v e r s e  yaw. The s t i c k  f o r c e s  were  
r e l a t i v e l y  h i g h .  The e f f e c t i v e n e s s  of  t h e  s - o o i l e r s  was 
g r e a t e r  w i t h  f l a p s  and a i l e r o n s  down t h a n  w i t h  them u ~ ,  
and t h e i r  e f f e c t i v e n e s s  seemed t o  - i n c r e a s e  a t  l o w  s p e e d s .  
Y i t h  f l e p s  down, t h e  s p o i l e r s  were  overba lanc .ed  n e a r  n e u -  
t r a l ,  b u t  t h e  t e n d e n c y  towPrd o v e r b a l a n c e  w a s  e l i m i n a t e d  
b y  t h e  s h i e l d  shown i n  f i g u r e  l ( b ) .  The t e s t  d a t a  w e r e  
u s e d  t o  e v a l u a t e ,  by t h e  method of r e f e r e n c e  2, t h e  
s p o i l e r  r o l l i n g - m o m e n t  c o e f f i c i e n t  o b t e i n e d  w i t h .  f l a p s  and 
a i l e r o n s  down. Somewhat n i g h e r  v a l u e s  were  o b t a i n e d  t h a n  
would b e  i n d i c a t e &  f r o m  t h e  d a t a  o f  r e f e r e n c e s  4 and 5 ,  
o b t a i n e d  w i t h o u t  a s l o t t e d  f l a p  b e h i n d  t h e  s p o i l e r .  The 
b e l i e f  t h a t  t h e  f l a p  s l o t  i m m e d i a t e l y  b e h i n d  t h e  s p o i l e r  
i n c r e a s e d  i t s  e f f e c t i v e n e s s  was c o n f i r m e d  b y  w i n d - t u n n e l  
t e s t s .  

'a great d e a l  o f  the m o ~ i f L a t i o n  - - a  i 
dLlU besting "a3 C G E -  

c e r n e d  w i t h  t h e  r e d u c t i o n  o f  s t i c k  f o r c e s .  The b a s i c  b a l -  
a n c e  a r r e n g e m e n t  shown i n  f i g u r e  l ( ~ )  i s  s i m i l a r  t o  t h e  
n o s e  b a l e n c e  u s e d  on a i l e r o n s .  V a r i o u s  m o d i f i c a t i o n s  were  
t r i e d  t o  smooth o u t  t h e  c u r v e  b u t  t h e  d e s i r e d  l i n e a r  c u r v e  
o f  s t i c k  f o r c e  w i t h  d e f l e c t i o n  w a s  n o t  r e a c h e d .  .A r e -  
r i g g i n g  o f  t h e  c o n t r o l  s y s t e m  t o  l i m i t  t h e  s p o i l e r  d e f l e c -  
t i o n  f r o m  70' t o  40' r e d u c e d - t h e  s t i c k  f o r c e .  
i n d i c a t e d  t h a t  some d e p a r t u r e  f rom t h e  l i n e P r  v ~ r l a t i o n  i n  
s t i c k  f o r c e  and  e f f e c t i v e n e s s  c o u l d  b e  t o l e r z t e d  i f . a  more 
p o w e r f u l  l a t e r a l  c o n t r o l  w e r e  g a i n e d .  

X z p e r i e n c e  

The r o l l i n g  e f f e c t i v e n e s s  n e a r  n e u t r a l  was l o w . ~ n d  P 
" d e a d  s p o t "  e x i s t e d  f o r  a b o u t  2 O  o f  s t i c k  t r a v e l .  The i n -  
e f f e c t i v e  r a n g e  w a s  r e d u c e d  t o  1' by d e c r e a s i n g  t h e  maxi-  
m u m  s p o i l e r  d e f l e c t i o n  t o  40'. The range w a s  r e d u c e d  w i t h  
t h e  a i l e r o n  s l o t  c l o s e d  b u t  c l o s i n g  w2s c o ~ s i d e r e d  u n a d -  
v i s a b l e  b e c a u s e  i t  was n e c e s e z r y  t o  h e v e  t h e  f l a p  and t h e  
a i l e r o n  s l o t s  open f o r  t h e i r  f a v o r a b l e  e f f e c t  on maximum 
l i f t  and s 9 o i l e r  e f f e c t i v e n e s s  a t  n o d e r a t e  and l a r g e  d e -  
f l e c t i o n s .  The 2 o o r  e f f e c t i v e n e s s  w 3 s  n o t  a C E S ~  o f  lag 
o r  s l u g g i s h n e s s ;  when t h e  s p o i l e r  was d e f l e c t e d  o u t s i d e  
t h e  s h o r t  i n e f f e c t i v e  r a n g e ,  t h e  a . i rpl .ane began  i m m e d i a t e l y  
t o  r o l l ,  T y p i c a l  r e s u l t s  o b t a i n e d  w i t h  t h e  s p o i l e r s  a r e  
shown i n  f i g u r e s  1 2  and 13. 
good p e r f o r m a n c e  of  t h e  s y o i l e r s  w i t h  f l a p s  and a i l e r o n s  
down and t h e i r  r e l a t i v e l y  p o o r  p e r f o r m a n c e  z t  h i g h e r  
s p e e d s  w i t h  f l a p s  and a i l e r o n s  n e u t r a l ,  i t  was d e c i d e d  
t h a t  i n  t l i e  e x p e r i m e n t a l  a i r p l a n e  t h e  u s e  of t h e  s p o i l e r s  
would b e  r e s t r i c t e d  t o  t h e  f laps-down c o n d i t i o n  and  t h e  
a i l e r o n s  would b e  u s e d  f o r  c o n t r o l  w i t h  t h e  f l a p s  u p ,  

On a c c o u n t  of t h e  r e l a t i v e l y  
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The. d e f l e c t o r - p l a t e  a i l e r o n s  were found  t o  be a d e q u a t e  
as  a c o n t r o l  when t X e y . w e r e  n o t  d rooped  b u t  t h e i r  s t i c k  
f o r c e s  were  v e r y  h e a v y .  When t h e  a i l e r o n s  were d r o o p e d ,  
t h e  s t i c k  f o r c e s  became 9 r o g r e s s i v e l y  l i g h t e r  and  were  
~ ~ e r b e l z n c e d  when t h e  a i l e r o n s  were  d r o o p e d  beyond- an  a n g l e  
o f  a b o u t  2 2 O .  A t  d r o o p  a n g l e s  g r e a t e r  t h q n  20' w i t h  t h e  
f l a p s  down and  a t  low s p e e d s ,  t h e i r  e f f e c t  i n  g r o d u c i n g  ad-  
v e r s e  yawing moment was j u s t  a b o u t  as g r e a t  a s  t h e i r  e f f e c t  
i n  p r o d u c i n g  roll, and t h e y  were  e n t i r e l y  u n s a t i s f a c t o r y  as 
a c o n t r o l ,  The f l e p s  c a u s e d  a marked r e d u c t Q o n  i n  t h e  
s t a l l i n g  s p e e d  o f  t h e  a i r p l a n e ;  a maximum l i f t  c o e f f i c i e n t  
of  a b o u t  2 .4 ,  p o w e r - o f f ,  was o b t a i n e d  w i t h  f l e p s  d o w n  50° 
and a n . a i l e r o n  d r o o p  a n g l e  o f  35'. I n  an  a t t e m p t  t o  r e -  
duce  t a e  a i l e r o n  s t i c k  f o r c e s ,  t h e  a i l e r o n s  v e r e  m o d i f i e d  
by c h a n g i n g  t h e  s e c t i o n ;  t h e  d e f l e c t o r - p l a t e  was rernoved 
and  t n e  n o s e  shape  was c h a n g e d .  A l t h o u g h  more n o s e  b a l -  
a n c e  wss p r o v i d e d  t h a n  o n  t h e  o r i g i n a l  F-24 a i r p l a n e ,  t h e  
s t i c k  f o r c e  w a s  high. T3is hig" s t i c k  fsrce w a s  . t a k e n  t o  
i r , d i c a t e  t h a t  t h e  h i n g e  a x i s  s h o u l d  'De l o c a t e d  w i t h i n  t h e  
a i r  f o i  1 - c o n t o u r .  

A few t e s t s  were  mede w i t h  a c o m b i n a t i o n  o f  t h e  
s p o i l e r s  and t h e  a i l e r o n s ,  a l i n k  b e i n g  'used  t o  J o i n  t h e  
t w o  c o n t r o l  s t i c k s .  . The c h e r e s t e r i s t i c s  o f  t b e  cornbina- 
t i o n  a s p e a r e d  t o  b e  a p T r o x i n a t e l y  t h e  t o t a l  o f  t h e  s e p a -  
r a t e  c o n t r o l s  i n  r e s p e c t  t o  r o l l i n g  e f f e c t i v e n e s s ,  s t i c k  
f o r c e s ,  and  a d v e r s e  yaw. I u s  f o z a d  t h z t  d e f a c t i o n  of  
t h e  s p o i l e r  t e g d e d  t a  make t h e  a i l s s n  b e k i n d - i t  r i d e  _up, 
c o n t r i b u t i n g  t o  a r e d u c t i o n  o f  s t i c k  f o r c e  f o r  t h e  c o m b i -  

. n a t i o n .  

The n a i n  c o n c l u s i o n s  a r r i v e d  a t  f r o s l  t h e  t e s t e  o f  t h e  
F-24 ( t e s t )  a i r p l a n e ' a r e :  . 

1. S c o i l e r s  o f  t h e  a p p r o x i m a t e  t y p e  and  p r o p o r t i o n s  
t e s t e d  gpve s a t i s f a c t o r y  and much g r e a t e r  r o l l i n g  e f f e e -  
t i v e n e s a  t h a n  d r o o p e a  a i l e r o n s  a t  h i g h  l i f t  c o e f f i c i e n t s  
w i t h  t h e  flaps down. 

2 .  With t h e  h i n g e  l i n e  q f  t h P  s p o i l e r s  a t  t h e  c h o r d  
l o c a t i o n  t e s t e d ,  t h e  l a g  W P S  x e g l i g i b l e .  

. .  
3.  The under s - ; r face  or" t h e  s - > o i l e r s  s h a r r l d  b e  s e p a -  

r a t e d  o r  s h i e l d e d  f r o m  t h e  a i r  flow t h r o u g h  t h e  . f l a p  or 
a i l e r o n  * s l o t  t o  p r e v e n t  o v e r b e l a n c e  n e a r  n e u t r a l - .  

4. The e f f e c t i v e n e s s .  o f  t h e  s g o i l e r s  w a s  g r e a t e s t  
w i t h . t h e  f l a 2 s  and a i l e rons  down an2  was much l e e s  w i t h  
t h e  f l a p s  a n a  t h e  a i l e r o n s  up. 
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5. The e f f e c t i v e n e s s  of  t h e  s p o i l e r s  w 2 8  a p p r e c i a b l y  
g r e a t e r  w i t h  t h e < s l o t  open t h a n  w i t h  t h e  s l o t  c l o s e d .  The 
s h i e l d  d i d  n o t  c r i t i c a l l y  a f f e c t  t h i s  c h a r a c t e r i s t i c ,  and 
moving t h e  t r a i l i n g  edge o f  t h e  s p o i l e r  ahead  o f  t h e  t r a i l -  
i n g  edge  o f  t h e  s h i e l d  a l s o  had  n o  c r i t i c a l  e f f e c t .  

6.  The e f f e c t i v e n e s s  of  t h e  s p o i l e r s  n e a r  n e u t r a l  
t e n d e d  t o  be  l o w  and t h e r e f o r e  t h e  c o n t r o l  I i n k a g e  s h o u l d  
b e  d e s i g n e d  t o  move them up  f rom t h e i r  n e u t r a l  p o s i t i o n  
a s  r a p i d l y  a s  p o s s i b l e  c o n s i s t e n t  w i t h  a v o i d i n g  u n d e s l r -  
a b l e  i n e r t i a  e f f e c t s .  

7 .  A s a t i s f a c t o r y  c o n t r o l  can  b e  o b t a i n e d  by a com- 
b i n z t i o n  of s p o i l e r s  and a i l e r o n s .  

8 .  The a d v e r s e  yawing moments f rom t h e  s p o i l e r s  w i t h  
t h e  f l a p s  down .were l o w  and were  much l o w e r  t h z n  t h o s e  . 
f r o m  rlrnoped ailef05se 

. .  
9. A l though  i t  may b e  d i f f i c u l t  t o  o b t a i n  a l i n e a r  

v a r i a t i o n  of  s t i c k  f o r c e  and  r o l l i n g  e f f e c t i v e n e s s  w i t h  
' s t i c k  d e f l e c t i o n ,  some d e p a r t u r e  f r o m  l i n e a r i t y  c a n  b e  
t o l e r a t e d  i n  v i e w  o f  t h e  o t h e r  d e s i r a b l e  f e a t u r e s  o f  t h e  
c o n t r o l ,  

The' E x p e r i m e n t a l  A i r p l a n e  

A s t u d y  of  t h e  r e s u l t s  of t h e  t e s t  a i r D l a n e  l e d  t o  
t h e  f i n a l  d e c i  s i o n  t h a t  on t h e  e x p e r i m e n t a l  a i r p l a n e  
s p o i l e r s  would b e  u s e d  f o r  l a t e r a l  c o n t r o l  w i t h  f l a p s  
down f o r  l a n d i n g  and  o r d i n a r y  a i l e r o n s  would 5 e  u s e d  f o r  
c o n t r o l  w i t h  f l a p s  up  f o r  c r u i s i n g .  An a r r a n g e m e n t  t h a t  
g a v e  a c o n t i n u o u s  and  g r a d u a l  s h i f t  f r o m  a i l e r o n  c o n t r o l  
t o  s p o i l e r  c o n t r o l  a s  t h e  f l a p s  were  d e f l e c t e d  vas f o u n d  
t o  b e  p o s s i b l e .  

A d i a g r a m  3f t h e  s p o i l e r  2nd a i l e r o n  a r r a n g e m e n t  i n -  
s t a l l e d  on t h e  e x p e r i m e n t a l  a i r p l a n e  i s  shown i n  f i g u r e  1 4 ,  
The a i l e r o n  d e s i g n ' w a s  e compromise b a s e d  on a n o r m a l  
h i n g e  l o c a t i o n  2nd was i n t e n d e d  t o  h a v e  r e a s o n a b l y  l o w  
h i n g e  moments and a r e a s o n a b l e  s l o t  when droopec?.  The 
a i l e r o n  c h o r d  b a c k  o f  t h e  h i n g e  was 20 p e r c e n t  and  t h e  
n o s e - b a l a n c e  l e n g t h  and s h a p e  were  s u c h  t h a t  a c o n t r a c t i n g  
s l o t  w a s  p r o v i d e d  f o r  a l l  a i l e r o n  d e f l e c t i o n s  t o  a b o u t  35' 
down. 



c 

10 

I The s p o i l e r  s h a p e  was s i m p l i f i e d  and t h e  s p o i l e r  was 
moved s u f f i c i e n t l y  f a r  f o r w a r d  t o  p r o v i d e  f o r  e c o m ? l e t e  
s e p a r a t i o n  f r o m  t h e  a i l e r o n  o r  f l a p  s l o t  and f o r  a down- 
ward movement of  3' i n t o  t h e  wing.  The 3' movement made 
i t  p o s s i b l e  t o  s ta , r . t  t h e  s p o i l e r  moving i n  t h e  upward 
d i r e c t i o n  b e f o r e  t h e  n e u t r a l  p o s i t i o n  was r e a c h e d  and  gave  
a p p r e c i a b l y  h i g h e r  s p o i l e r  d e f l e c t i o n s '  f o r  smal l  s t i c k  
movements n e a r  n e u t r a l  t h a n  c o u l d  o t h e r w i s e  have  b e e n  ob- 
t a i n , e d .  (See'  f i g .  15 h e  l i n k a g e  i n  . s t a l l a t i c  In i s  shown 
. in  f i g u r e  1 6 ;  t h e  p o s i t i o n  i s  f o r  t h e  s p o i l e r  n e u t r a l .  

As a r e s u l t  o f  t e s t s  i n  t h e  S i k o r s k y  wind t u n n e l ,  a 
s i m p l e  vane  was d e c i d e d  upon a s  a b a l a n c e .  P r o v i s i o n  was 
made i n  t h e  l o w e r  s u r f a c e  of t h e  wing t o  r e c e i v e  a v a n e  
mounted on arms a t t a c h e d  t o  t h e  s p o i l e r ;  t h e  s i z e  o f  t h e  
v a n e  c o u l d  b e  chang ;ed d u r i  ng t h e  m o d i f i  c a t  i o n s .  

The s i z e  and  t h e  d e f l e c t i o n s  of t h e  c o n t r o l  s u r f z c e s  
were  computed a s  s u g g e s t e d  i n  r e f e r e n c e s  2 and 7 ,  u s i n g  
a s  e b a s i s  t h e  r e s u l t s  o f  t h e  S i k o r s k y  w i n d - t u n n e l  t e s t s ,  
t h e  f l i g h t  t e s t s  on t h e  t e s t  a i r p l a n e ,  and  t h e  NSCA t e s t s  

7 f o r  t h e  "average a i r p l a n e ' '  w e r e  u s e d  t o  d e t e r m i n e  t h e  r e -  
q u i r e d  r o l l i n g - m o m e n t  c o e f f i c i e n t s ,  c o r r e c t i n g  Lp f o r  
t a p e r  and a s p e c t  r a t i o .  A c r i t e r i o n  of  r e q u i r e d  w i n g - t i p  
d i s p l a c e m e n t  o f  4 . 2  f e e t  i n  1 . 0  second  w s s  a d o p t e d .  The 
a i l e r o n s  were  o f  3 2  p e r c e n t  s e m i s p a n  and  were  d e s i g n e d  t o  
g i v e  a r o l l i n g - m o m e n t  c o e f f i c i e n t  t h a t  would s a t i s f y  t h e  
c r i t e r i o n  f o r  l o w  s p e e d s  w i t h  t h e  f l a p s  u p .  The s p o i l e r  
s p a n  wps 41 p e r c e n t  of t h e  s e m i s p a n ,  as shown by t h e  
f o l l o w i n g  d i m e n s i o n a l  d a t a :  

I 

I r e p o r t e d  i n  r e f e r e n c e s  4 ,  5 ,  and  6 .  The d a t a  in r e f e r e n c e  

1 

Wing a r e a ,  s q u a r e  f e e t  . . . . . . . . . . .  261.9 
Uing span, f e e t  . . . . . . . . . . . . . .  36.0  
N i n g  a s p e c t  r a t i o  . . . . . . . . . . . . . .  4 . 9  
g in ;  t a p e r  r a t  i o  ( t i p  c h o r d  t o  r o o  t c h o r d )  .69 

F l a p  s p a n  ( t o t  a1 

Wing mean ae rodynamic  c h o r d ,  f e e t  . . . . .  7.45 

F l a p  c h o r d ,  D e r c e n t  w ing  c h o r d  . . . . . . .  21.2 
Maximum f l a p  d e f l e c t i o n ,  d e g r e e s  . . . . . .  4 0  

F l a p  a r e a  ( t o t a l ,  b a c k  of h i n g e ) ,  s q u a r e  f e e t  35.1 
C ) ,  f e e t  . . . . . . . . . .  1 9 . 7  

A i l e r o n  a r e a  ( t o t a l ,  b a c k  o f  h i n g e ) ,  s q u a r e  
f e e t  . . . . . . . . . . . . . . . . .  13.4 

A i l e r o n  s p a n  ( t o t a l ) ,  f e e t  . . . . . . . . .  11.5 
A i l e r o n  c h o r d  ( c o n s t a n t ,  b a c k  of h i n g e ) ,  f e e t  1.35 
Maximum a i l e r o n  d r o o p ,  d e g r e e s  . . . . . . .  30 
S p o i l e r  a r e a  (total), square f e e t  . . . . .  9 .98  
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. s p o i l e r  s p a n  ( t o t s l ) ,  f e e t  . . . . . . . . .  14.7 
S p o i l e r  c h o r d  ( a v e r a g e ) ,  p e r c e n t  wing c h o r d  1 0 . 3  
S p o i l a r  h i n g e  l o c a t  i o n  (average), p e r c e n t  

w ing  c h o r d  . . . . . . . . . . . . . .  6 8 . 0  - 

. S p o i l e r  m o t i o n  . . . . . . . . . .  

The l a t e r a l - c o n t r o l  o p e r a t i n g  s y s t e m  of  t h e  e x p e r i -  
m e n t a l  a i r p l a n e  is. shown s c h e m a t i c a l l y  i n  f i g u r e  17 .  The 
a i l e r o n  d r o o p i n g  mechanism,  t h e  chznge -ove r  mechPnism f o r  
t h e  s h i f t  i n  c o n t r o l ,  and  t h e  f1a.p mechsnism were a l l  
o p e r z t e d  f r o m  t h e  same c r z n k .  

The change -ove r  u n i t  .mounted i n  t h e  P i r p l P n e  i s  shown 
i n  f i g u r e  1 8 .  The u n i t  i s  r o c k e d  l a t e r r l l y  by t h e  p i l o t ' s  
c o n t r o l  s t i c k  a b o u t  a f o r e - a n d - a f t  a x i s  t h r o u g h  i t s  c e n t e r .  
The a i l e r o n  d r o o p  i s  ob tDined  w i t h  t h e  u n i t  shown i n  f i g -  

A l b r i g h t  . 
- - I _  u i c  i r .  1 -  rnL a i i ~  ~ ~ i a i i g e i i i e i i t  ' r ~ 2 . s  s i i g g e s t e d  by Ni. F. C. 

I n  f i - g u r e  1 9  e r e  shown t h e  meximum d e f l e c t i o n  o f  t h e  
a i l e r o n s  ?nd s p o i l e r s  p l o t t e d  a g a i n s t  f l a p  d e f l e c t i o n .  
The t o t e l  o f  t h e  a i l e r o n  end  s p o i l e r  d e f l e c t i o n  i s  s u b -  
s t a n t i a l l y  c ~ n s t a n t  be tween t h e  t w o  end  v ~ l u e s .  I f  t h e  
t o t 2 1  a i l e r o n  d e f l e c t i o n  w i t h  f l r . D s  u p  i s  t - k e n  9 s  r e p r e -  
s e n t ~ t i v r -  of  P s a t i s f a c t o r y  c o n t r o l  f o r  € h i s  c o c d i t i o n  
and t h e  maximum s p o i l e r  d e f l e c t i o n  i s  t q k e n  ? s  3 s a t i s -  
f a - c t o r y  c o n t r o l  f o r  t h e  f l aps -down  c o n d i t i o n ,  t h e n  t o  a 
f i r s t  a p p r o x i m a t i o n  t h e  c o n t r o l  power a t  i n t e r m e d i a t e  f l a p  
s e t t i n g s  i s  r e p r e s e n t e d  by t h e  combined t o t a l  a i l e r o n  and  
s p o i l e r  d e f l e c t i o n s ,  and  s a t i s f a c t o r y  c o n t r o l  i s  t o  b e  
e x p e c t e d .  

i 1 

i t e s t s  i s  shown i n  f i g u r e s  20 ,  21 ,  and 22. I t  had  n o  
i s p o i l e r  b a l a n c e  a n d  had a s e p a r a t e  c o n t r o l  f o r  t h e  change -  I 

The e x p e r i m e n t a l  a i r p l a n e  a s  s e t  u p  f o r  t h e  i n i t i a l  

o v e r  u n i t .  A f t e r  t h e  p r e l i m i n a r y - f l i g h t s ,  t h e  s p o i l e r  
. b a l a n c e  ( f i g .  2 3 )  was i n s t a l l e d  and  t h e  change-over  u n i t  

was c o n n e c t e d  a s  shown i n  f i g u r e  17. 

With f l a p s  u p  t h e  a i l e r o n  c o n t r o l  w a s  v e r y  l i g h t  b u t ,  
i n  t h e  p i l o t ' s  - o p i n i o n ,  i t  was J u s t  on t h e  edge  o f  b e i n g  

I a d e q u a t e  i n  power a t ,  l o w  s p e e d .  With t h e  f l a p s  down and  
t h e  a i l e r o n s  d r o o p e d  30°, t h e  s p o i l e r  c o ~ t r o l  was as  
p o w e r f u l  a s  e x p e c t e d  and t h e  a i r p l a n e  had  e x c e p t i o n a l l y  
l o w  a d v e r s e  yaw. The a i r p l a n e  c o u l d  b e  r o l l e d  f r o m  a 
benked  t u r n  on one s i d e  t o  one  on t h e  o t h e r  a t  l o w  s p e e d  



c f  t h e  c o n t r o l .  The f e e l  was d e f i n i t e l y  n o t  due  t o  l a g ,  
; l u g g i s h n e s P ,  o r  i n e r t i e  e f i e c t .  

F l i g h t  t e s t s  were  a l s o  msae on  t h e  u n m o d i f i e d  e x p e r i -  

s p o i l e r  i n d i c a t e d  t h a t  a smoother v a r i F , t i o n  o f  s t i c k  
f o r c e  would % e  o b t p i n e d ,  

Thr spoiler 03 t h p  e x F e r i m e n t r 1  i i r p l g n e  W P S  v e n t i -  
l a t e d  by o m i t t i n g  t h e  i n n e r  c o v e r s  o v e r  t h e  r e c e s s e s  f o r  
t h e  s o o i l e r  b e l p n c e  2nd under t h o  s p o i l e r ,  r s  shown i n  
f i g u r e  27.' The a p p r e c i a b l e  improvement  i n  s t i c k  f o r c e  
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2nd r o l l i n g  e f f e c t i v e n e s s  can - b e . g e e n  by compar ing  f i g u r e s  
28 and 29 w i t h  f i g u r e s  2 4 : a n d . 2 5 ,  which  s r e  € o r  t h e  same 
f l i g h t  c o n d i t i o h q .  She C h r t r e s  o f  . f i g u r e s - 2 5  and 29 a r e  
drawn t o  b e  s y m m e t r i d s l  a b o u t  c e r t a i n  p o i n t s  showrl on t h e  
plots4 Tke p o i n t s  have  b e e n  t r a n s f e r b e d  t l r  t h e  o r i g i n  i n  
f i g u r e  30 where  t h e  r e s u l t s  a r e  mope f a i t l y  don?afedc 
Vhen t h e  m o d i f i c a t i o n s  w e 2 e  made, . h e  a p o i l e r  b a l a n c e  was 
e l s o  r e d u c e d  i n  a r e a 4  whid-h e e c o d n t s  f o r  t h e  i h d r e a d e  i n  
f o r c e  be tween f i g u l ' e a  24 and  28. 

T h i s  new l a t e r a l - c a n t r o l  a r r a n g e m e n t  h a s  b e e n  i n -  
s t a l l e d  on t h e  p r o d u c t i o n  v e r s i o n s  o f  t h e  same model a s  
t h e  ex iae r imen ta l  ~ i r p l a n e  ( t h e  X O S Z U - 1 ) .  C e r t a i n  improve-  
men t s  i n  t h e  m e c h a n i c a l  a r r a n g e m e n t  s i m p l i f i e d  t h e  s y s t e m  
and 2 3  improved  s p o i l e r  l i n k p g e  made p o s s i b l e  a more r a p i d  
r a t e  of s p o i l e r  d e f l e c t i o n  f r o m  n e u t r a l .  I n  a s e c o n d  ex- 
p e r i n e n t a l  mode l ,  t h e  o g e r a t i o n  of  t h e  f l a p s ,  t h e  a i l e r o n  
d r o o p t  a n d  t h e  c h ? n g e - m e r  ~.rnit v e s  m z & e  hgc? r=u l i c .  

. .  
The main c o n c l u s i o n s  a r r i v e d  a t  f r o m  t e s t s  of  t h e  

e x p e r i m e n t e l  a i r p l a n e  a r e :  

1. Tne l e t e r a l - c o n t r o l  a r r a n g e n e n t  d e v e l o p e d  p r o -  
v i d e d  a h i g h e r  m a x i m u m  l i f t  c o e f f i c i e n t ,  a l o w e r  s t a l l i n g  
s p e e d ,  and a more e f f e c t i v e  l a t e r a l  c o n t r o l  thPn c o u l d  
h a v e  b e e n  o b t a i n e d  w i t h  o r d i n a r y  a i l e r o n s  d rooped  t o  a 
r e a s o n a b l e  a n g l e .  

2 .  The d r a g  i n c r e a s e  i n t r o d u c e d  by t h e  s p o i l e r s  w a s  

* .  
n e g l i g i b l e . .  

3. The a t t a i n m e n t  o f  a h i g h  maximum l i f t  c o e f f i c i e n t  
made p o s s i b l e  t h e  u s e  o f  a monoplane w i t h  g r e a t e r  e e r o -  

_ d y n a m i c  e f f i c i e n c y . a n d  p e r f o r m a n c e  t h a n  would have  b e e n  
p o s s i b l e  w i t h  a b i p l a n e  of l a r g e r  wing  a r e a .  

4. The deve lopmen t  i s  a s t e p  i n  t h e  d i r e c t i o n  o f  t h e  
u s e  o f  f u l l - s p a n  f l a p + .  I t  u t i l i z e s  a i l e r o n s  and s p o i l e r s  

a r e  . b a s i c a l l y  s u i t e d .  

I 
..., i n  t h e  f l i g h t ' c o n d i t i o n s  f o r  which  t h e i r  c h a r e c t e r i s t i c s  

5. The p r e s e n t  l e t e r a l - c o n t r o l  a r r a n g e m e n t  i s  pa.r- 
titularly ada.pted t o  r e l a t i v e l y  s m a l l  a i r p l a n e s  of l o w  
a s p e c t  r a t i o  and low t a p e r  r a t i o .  For o t h e r  t y p e s  of . a i r -  
p l a n e  i n  which  c o n t r o l  a t  l o w - s p e e d s ,  and  h i g h  l i f t  c o e f f i -  
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MACP Figs. 4,5.6. 

Figure 4.-Flaps and ai leron drooped donnward,epoilers neutra1,modified 
test airplane. 

F l y r e  5.-Flape dorn,ailerons undrooped,epoiler deflected,modified 
test airplane. 

. . 

Figure 6.-Flaps and ailerons drooped,epoilers deflected,rnodified 
test airplane. 





Fig. 8 

r"igure 8.- Variaticn o? tirne t o  bark mitb s t i c k  azglo for the 
tost airplane i n  the ori ,yinal condition. 



Figure 9.- Stick-force aud siick-position indfeatsra. 

Figure 23. - Spoiler belance f o r  the e x r e r i n e i t a l  
a i r p l m e ,  neut ra l  and deflected.  



Stick angle,3eg Right 
Figure  10 - Variation of stick f o r c s  with stick angle for the 

test airplane in the origin21 condition. 
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r.;.otion with s t i c k  angle for the t e s t  air2la.m is the 
origi3al c0rd-i t ion. 

Z i a r c  11 .-variation of ru?jLcr a:l,-lz rcquirel f o r  spec i f ic3  badzinc 



mdiTie3. condition. 
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NACA - *  
Fig. 15 

STICK ANGL E - DEGREES 

Figure 15.- Relation of s t i c k  and s p o i l e r  angles f o r  
the experimental airplane. 



Figs .  16 , l a .  NACA 

Figure 16.-Spoiler operating linkage (Watt's linkage) for the 
experimental a imlane .  
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s o t  t i ng  for tho xcpcrimntal a i rplnnc . 
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3ACA Figs .20 .27  

Figure  20.-Eing wi th  f laps ,a i le rons ,a .nd  s p o i l e r s  n e u t r a l  on t h e  
experimental  a i r p l a n e .  

Figure 27.-S&.;iler v e n t i l a t i o n  on t h e  experimental  a i rp lw-e .  



RAGA Figs. 21,23, 

Figure  zl.-Wing wi th  f l a p s  and a i l e r o n s  dGRn and s F o i l e r s  n e u t r a l  on t h e  
exper imenta l  a i r p l a n e .  

F igure  22.-Xing wi th  f l a p s  and a i l e r o n s  d o m  srd s p o i l e r s  d e f l e c t e d  on t h e  
exper imes ta l  a i r p l a n e .  



HACA Fig. 24 



NACA Fig. 25 
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Figure 2 6 . - C h a g e  i n  l i f t  with spoiler a z f l e c t i o n  f o r  var ious 
a r m ? @  en?ent s . 



NACA Fig. 28 
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Fig. 29 



Figure  30.- Cozparison of average rates o f  roll w i t h  

w i t h  ard w i t h o u t  v e n t i l a t e d  spoilers. 
s t i c k  angle  f o r  t h e  experimental  airplane 


